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Simple Summary: Lymph node ratio (LNR) is a well-studied prognostic factor in colorectal and
breast cancer, and it has been recently evaluated as a clinically relevant biomarker in oral squamous
cell carcinoma. LNR represents the ratio of positive lymph nodes extracted in a neck dissection to the
total number of nodes harvested (lymph node yield, LNY). Many single-center cohort studies and a
few multicenter have assessed the significance of LNR as a prognostic factor in oral cancer. In this
systematic review and meta-analysis of 32 studies and 20,994 oral cancer patients, we demonstrate
that LNR is an independent prognostic indicator in patients with oral squamous cell carcinoma.

Abstract: Many studies have evaluated the clinical implications of lymph node ratio (LNR) as
a prognostic factor in patients with oral squamous cell carcinoma (OSCC). The main purpose of
this systematic review and meta-analysis was to address LNR as a prognosticator in patients with
OSCC. A systematic search was conducted in the following databases: PubMed, EMBASE, Google
Scholar, OpenGrey, Cochrane library, and ClinicalTrials.gov, and studies between 2009 and 2020 were
sought. The pooled relative risk was calculated along with 95% confidence intervals for the following
endpoints: overall survival (OS), disease-free survival (DFS), disease-specific survival (DSS), distant
metastasis-free survival (DMFS), locoregional disease-free survival (LRDFS), local recurrence-free
survival (LRFS), and recurrence-free survival (RFS) according to the random-effects model (Der
Simonian–Laird approach). Subgroup and meta-regression analyses were performed as well. Finally,
32 cohort studies were eligible, which included 20,994 patients with OSCC. Patients were subdivided
into two categories, group YES (studies that included in their analysis only patients with positive
lymph nodes) and group NO (studies that did not exclude LNR = 0 patients). In the group YES,
patients with high LNR had shorter OS (RR = 1.68, 95% CI: 1.47–1.91), DFS (RR = 1.68, 95% CI:
1.42–1.99), DSS (RR = 1.94, 95% CI: 1.56–2.42), DMFS (RR = 1.83, 95% CI: 1.13–2.96), LRDFS (RR = 1.55,
95% CI: 1.10–2.20), and LRFS (RR = 1.73, 95% CI: 1.41–2.13) compared to patients with low LNR. In
the group NO, patients with high LNR in comparison had shorter OS (RR = 2.38, 95% CI: 1.99–2.85),
DFS (RR = 2.04, 95% CI: 1.48–2.81), and DSS (RR = 2.90, 95% CI: 2.35–3.57) compared to patients with
low LNR. Based on those findings, LNR might be an independent prognostic factor for OS in patients
with OSCC and could be incorporated into future classification systems for better risk stratification.

Keywords: oral squamous cell carcinoma (OSCC); lymph node ratio (LNR); lymph node density;
neck dissection; lymph node yield (LNY); survival
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1. Introduction

Oral cavity cancer is an emerging health problem worldwide, with a constantly in-
creasing incidence rate and a clear male predominance [1]. The most common type of
oral cancer is squamous cell carcinoma (OSCC), which accounts for nearly 90% of all oral
carcinomas and is etiologically associated with tobacco exposure and increased alcohol
consumption [2]. The risk of OSCC increases along with the patient’s age, with a mean age
of occurrence at 58.4 years. Tongue cancer represents the most common primary tumor
subsite [3].

Lymph node metastasis is the strongest prognostic factor in OSCC, and neck involve-
ment is typically associated with poor prognosis [4,5]. The most commonly used staging
system for head and neck cancer is the 8th edition (2017) of the American Joint Committee
on Cancer (AJCC) Tumor Node Metastasis (TNM) Classification. The 8th edition has intro-
duced many changes to oral cavity cancer staging. More specifically, it has incorporated
high-risk pathological characteristics, such as extranodal extension (ENE) and depth of
invasion (DOI), aiming for a more accurate patients’ risk stratification [6] and resulting in
upstaging in many cases [7]. Depth of invasion (DOI) is defined as the distance from an
adjacent normal mucosal line to the deepest point of cancer cells invasion [8] and extranodal
extension (ENE) as the lymph node metastasis, which is extended beyond the capsule and
can infiltrate the surrounding stromal tissue with or without stromal reaction [9].

Lymph node ratio or lymph node density (LNR, LND) is defined as the ratio of
positive lymph nodes to the total number of lymph nodes excised [10]. It is a well-described
prognostic factor in colorectal [11] and breast cancer [12,13], and research during the last
decade has also focused on OSCC. In a few multicenter studies [14–17] and in many
more single-center ones, LNR has been evaluated as a prognostic factor in patients with
OSCC, as it provides fundamental information regarding the lymph node status and the
extent of neck dissection [18]. In this background, the goal of our systematic review and
meta-analysis was to evaluate LNR as a prognostic indicator in OSCC.

2. Materials and Methods
2.1. Protocol

The present systematic review and meta-analysis were performed following the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines [19]. The PRISMA Statement consists of a 27-item checklist, presented in Supple-
mentary Table S1, that includes items essential for transparent reporting of a systematic
review. The objectives and methods were prespecified in a study protocol to eliminate
the likelihood of biased post hoc decisions. Our study protocol was designed and agreed
upon by all authors and submitted to PROSPERO International Prospective Register of
Systematic Reviews (ID:318693, https://www.crd.york.ac.uk/prospero/#myprospero (ac-
cessed on 16 March 2022)). The study included patients with oral cavity cancer who
had undergone neck dissection. Lymph node ratio was associated with overall sur-
vival (OS), disease-specific survival (DSS), disease-free survival (DFS), recurrence-free
survival (RFS), locoregional disease-free survival (LRDFS), local recurrence-free survival
(LRFS), and distant metastasis-free survival (DMFS). The study protocol is presented in
Supplementary Table S2.

2.2. Search Strategy and Eligibility of Studies

A systematic search was conducted in PubMed, EMBASE, Google Scholar (first
1000 hits), OpenGrey, Cochrane library, and ClinicalTrials.gov and revealed a total of
2155 studies (end of search date: 20 December 2020). Our search algorithm in PubMed
was the following: ((node OR nodal) AND (ratio OR density)) AND oral AND (carcinoma
OR carcinomas OR cancer OR cancers OR neoplasm OR neoplasms OR malignant OR
malignancy) AND (Prognosis OR Prognostic OR Outcome OR fatal OR OS OR mortality
OR fatality OR death OR survival OR PFS OR DFS OR DSS OR progression OR TTP OR EFS

https://www.crd.york.ac.uk/prospero/#myprospero
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OR recurrence OR LRF). We applied an extensive searching algorithm in order to maximize
the number of studies to be scrutinized, aiming to uncover any hidden information.

Eligible studies were case-control, cohort, observational studies (retrospective cohort
studies), and experimental studies (RCTs and non-RCTs) investigating the association
between survival and high vs. low LNR. Case series, case reports, reviews, and meta-
analyses were excluded from the analysis. All studies included patients with cancer of the
oral cavity that had undergone neck dissection, and the survival data should have been
presented by measurements of the LNR as categorical and not as a continuous variable. Pre-
operative radiation or chemotherapy was not allowed. In the case of multiple publications
from the same group of authors, articles were checked for overlapping patient pools among
studies to avoid the introduction of bias by multiple data entries. In such cases, the largest
sample size was chosen. The selection of studies was performed by two independent
reviewers (ZG and SD), and any discrepancies were resolved upon consultation and
discussion with a senior author (TNS).

2.3. Data Collection and Effect Estimates

Collection of data included general information about the study (first author’s name,
year of publication), study characteristics (type of study, time period, geographical region,
sample size, median age of patients, percentage of males, LNR cut-off value that each study
used for risk stratification of patients, TNM classification, type of therapy, type of neck
dissection, lymph node yield (total number of extracted lymph nodes), median number
of positive nodes removed, median follow-up period), and the definition of endpoints,
as well as adjustment factors in case of multivariate analysis. If the required data were
not available, the reviewers contacted via e-mail the corresponding authors twice (and a
reminder was sent seven days following initial contact). This policy also applied to the case
of Kim KY et al. (2017) [10], where we did not receive any answer from the authors, and
therefore the aforementioned study was excluded from our analysis.

Data from the eligible articles were collected and imported into a predeveloped
data extraction sheet using Excel software by two independent reviewers (Z.G. and
A.K.). The datasets were cross-checked, and discrepancies were discussed with the senior
author (TNS).

All eligible studies were cohort studies, either prospective or retrospective, and the
maximally adjusted effect estimates, relative risk (RR) or hazard ratio (HR) with their
confidence intervals, were extracted from each study by category of LNR (high vs. low). A
RR or HR of >1 indicated a worse prognosis. When more than two LNR cut-off values were
present in a study, only the lowest cut-off was taken into consideration in the analysis. If the
adjusted estimate was not available, by the provision of the number of patients under each
LNR category and survival data, crude effect estimates (relative risk, RR) were calculated,
and 95% CIs using 2 × 2 tables.

2.4. Statistical Analyses

LNR was analyzed as a dichotomous categorical variable according to the cut-off that
each primary study used. The two comparison groups were patients with oral cancer who
had undergone a neck dissection with a high LNR vs. those with low LNR. Statistical
analyses included pooling of studies as well as meta-regression and subgroup analyses.
When HRs were calculated in the primary studies using both the univariate and the
multivariate model, the adjusted HRs were used in order to reduce confounding. In
the eligible studies, random-effects models (Der Simonian–Laird approach) were used to
calculate pooled effect estimates. Between-study heterogeneity was assessed by estimating
I2, where I2 > 50% indicated substantial heterogeneity, as well as using the Mantel–Haenszel
Q-test [20], where also a p-value < 0.05 indicated significant heterogeneity.

To facilitate our analysis, we divided the studies into two groups, group YES and
group NO, depending on whether the primary studies excluded or not the patients with
negative lymph nodes and LNR = 0. Hence, group A studies excluded from analysis
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patients with LNR = 0, group B studies included patients who could have either negative
or positive lymph nodes, whereas patients with LNR = 0 belonged to the low-LNR groups.

Moreover, subgroup analyses were performed based on LNR cut-off value when two
or more studies were paired under each category. In order to assess whether LNR can be
characterized as an independent prognostic factor, subgroup analyses by the degree of
adjustment (multivariate versus univariate analysis) under each survival outcome were
also performed. The research came to the conclusion that LNR can be characterized as
an independent prognostic factor, as it was proven significant in the subgroup analysis of
studies performing the multivariate adjustment.

Meta-regression analysis was performed in cases of 10 or more pooled study arms [20]
and aimed to assess whether gender (expressed as a 10% increase in the percentage of males
in the individual studies), age (expressed as a 10-year increase in mean age), percentage
of each oral cancer subsite (lip, gum, buccal mucosa, tongue, alveolus, retromolar trigone,
gingiva, hard palate, and floor of mouth, expressed as a 10% increase), percentage of radical
dissection (expressed as a 10% increase), percentage of extracapsular spread (per 10% in-
crease), percentage of positive margins (per 10% increase), percentage of administered
radiotherapy (per 10% increase), percentage of administered chemotherapy (per 10% in-
crease), the median number of nodes removed (per 1 node increase), the median number
of positive nodes removed (per 1 positive node increase), and the publication year (per
1-year increase) modified the association between higher LNR values and worse prognosis.
Meta-regression analysis examined the quantitative influence of study characteristics on the
effect size (pooled RR/HR) and allowed authors to examine the contribution of different
variables to the heterogeneity in study findings.

Statistical analysis and meta-regression analysis were performed using STATA/SE
version 13 (Stata Corp, College Station, TX, USA).

2.5. Assessment of Study Quality and Publication Bias

Regarding the risk of bias, the Newcastle–Ottawa Quality scale was used to evaluate
the quality of the included non-randomized studies [21]. Regarding the items assessing
the adequacy of follow-up of cohorts and whether the follow-up period was enough for
outcomes to occur, the cut-off values were set a priori at 90% response rate and 2 years,
respectively. Study quality was considered “low” when the Newcastle–Ottawa score (NOS)
ranged between 1 and 3, “intermediate” for studies with NOS between 4 and 6, and
“high” for those with a score between 7 and 9. Two independently working reviewers (ZG,
AK) rated the studies, and, in case of disagreement, the final decision was reached after
consultation with a senior author (TNS) and team consensus.

Publication bias was evaluated in the analyses that included 10 or more study arms.
Egger’s statistical test was implemented as well as a visual inspection of the funnel plot
for asymmetry. For the interpretation of Egger’s test, statistical significance was defined as
p < 0.1. The evaluation of publication bias was performed using STATA/SE version 13 (Stata
Corp, College Station, TX, USA).

3. Results
3.1. Description of Eligible Studies

A total of 2155 studies were identified (806 from PubMed, 74 from EMBASE, 185 from
Cochrane Library, and 90 from ClinicalTrials.gov) using the search algorithm. The first
1000 hits of Google Scholar were also screened. No relevant reports of unpublished litera-
ture were identified through OpenGrey. After duplicates were removed, out of 1081 records,
796 titles were considered irrelevant, and finally, 285 abstracts were screened. Reference
lists of reviews and eligible articles were also systematically searched for relevant arti-
cles in a “snowball” procedure. In total, 233 were excluded as irrelevant to the topic.
Fifty-two full-text articles were retrieved and assessed for eligibility, with the justified
exclusion after critical appraisal of the full-text publications, of 20 articles for not meeting
the eligibility criteria, data overlap or missing data, and insufficient analysis. The flow
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chart presenting the successive steps in the selection of eligible studies is provided in
Figure 1. The studies excluded are presented in detail alongside the reasons for exclusion
in Supplementary Table S3 [5,10,22–39]. Thirty-two studies were finally included in the
qualitative and quantitative synthesis of our meta-analysis.

Figure 1. PRISMA flow diagram.

3.2. Study Characteristics

The main characteristics of the eligible studies are presented in Table 1, while the
remaining data are presented in Supplementary Tables S4 and S5. The included articles
were published between 2009 and 2020. All studies were cohort studies, with the vast
majority being retrospective and only three with a prospective design: Son et al. (2017) [40],
Suzuki et al. (2016) [41], and Bharath et al. (2018) [42]. There was only one multicontinental
study, with 11 centers worldwide, conducted by Patel et al. (2013) [15]. Seventeen studies
took place in Asia and the remaining in Europe, USA or Canada, and Australia. The sample
size ranged between 35 and 4254, with a total number of 20,994 patients from all studies.
The median age was between 47 and 70 years across studies. The majority of patients were
male. Median follow-up ranged from 20 to 89 months.

Most studies investigated the relationship of LNR with survival in oral cancer pa-
tients, without focusing on one oral cancer subsite, except for cases that reported survival
outcomes for cancer of the tongue, Bharath et al. (2018) [42], Iftikhar et al. (2020) [43],
Lieng et al. (2016) [44], and Ong et al. (2016) [18], and only one study for cancer of the buc-
cal mucosa, Chow et al. (2017) [45]. The median lymph node yield (LNY) varied between
19 and 42.5 number of total nodes removed in a neck dissection, and the median positive
nodes removed from 0 to 3.4. The LNR cut-off points used in the studies ranged from
0.012 to 0.2, and the values were mainly determined via ROC-curve analysis or according
to previously published literature. The most frequent outcome measured was OS (overall
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survival), followed by DSS (disease-specific survival), DFS (disease-free survival), LRDFS
(locoregional disease-free survival), DMFS (distant metastasis disease-free survival), LRFS
(local recurrence free-survival), and RFS (recurrence free-survival).

Table 1. Main characteristics of the eligible studies.

Study Number of
Patients

Age, Mean
(Range) Oral Cancer Subsite

Median
Follow-Up,

(Range)
Endpoints

LNR Cut-Off
and Method of
Determination

Median Nodes
Removed

(Lymph Node
Yield, LNY)

Agarwal et al.
(2019) [46] 94 47, (24–80)

Lip, buccal mucosa,
tongue, alveolus,

retromolar trigone
66.5 mo, (7–80) OS, DFS 0.12 (log-rank

test) NR

Arun et al.
(2020) [47] 212 52, (21–85) NR 23.2 mo DFS, OS 0.04 (median) 42.5

Bharath et al.
(2018) [42] 51 NR Tongue 24 mo, (24–36) DFS, OS 0.05 (previous

literature) 23.16

Chang et al.
(2018) [48] 389 51.8, (23–84)

Lip, retromolar trigone,
gingiva, tongue, hard
palate, buccal mucosa,

floor of mouth

42 mo, (0–152) OS, DFS 0.05 (ROC curve) NR

Chow et al.
(2017) [45] 39 70, (46–95) Buccal mucosa 79 mo, (5–167) OS, DSS 0.07 (previous

literature) 23

Ding et al.
(2019) [49] 149 59, (28–88) Tongue, floor of

mouth, other 20 mo, (0–137), OS, DFS, LRDFS,
DMFS 0.1 (median) 29

Ebrahimi et al.
(2011) [50] 313 63.4, (28.5–91.5)

Tongue, floor of mouth,
alveolus, retromolar
trigone, buccal, other

32.3 mo OS, DSS 0.025 (log scale) 27.4

Gil et al.
(2009) [51] 386 58, (14–88)

Tongue, floor of mouth,
upper gum, lower gum,
hard palate, retromolar
trigone, buccal mucosa

67 mo, (4–184) OS, DSS, LRDFS 0.06 (median) 35

Hosni et al.
(2017) [52] 914 61, (18–92) Tongue, others 51 mo, (1–189) RF, DF, OS

0.06 (maximally
selected rank

statistic)
36

Iftikhar et al.
(2020) [43] 130 High ratio: 48.3,

Low ratio: 50.2 Tongue NR OS, DFS 0.012 (ROC
curve) NR

Jin et al.
(2020) [53] 233 59.24 Tongue, non-tongue 68 mo, (1–122) OS

0.024 (X-tile
software

calculation)
21.97

Kim et al.
(2011) [54] 211 55, (21–88)

Tongue, floor of mouth,
buccal mucosa, gingiva,

hard palate,
retromolar trigone

58 mo, (4–180) DSS, OS 0.06 (previous
literature) 25

Künzel et al.
(2014) [55] 374 55, (26–85) Tongue, floor of mouth,

cheek, gingiva
3.99 y

(0.01–24.04)
DSS, OS, LRC,

LC, RC
0.05, 0.07 (ROC
curve, median) 26

Lee C.C. et al.
(2015) [56] 347 56 Buccal mucosa,

tongue, other 33 mo OS 0.2 (previous
literature) 23.2

Lee C.C. et al.
(2017) [14] 3958 59

Tongue, lip, floor of
mouth, gum and

retromolar trigone,
buccal mucosa, hard

palate, other

NR DSS, OS 0.2 (previous
literature) 33

Lee H. et al.
(2019) [57] 345 55

Tongue, floor of mouth,
buccal mucosa, gingiva,
hard palate, retromolar

trigone, lip

58 mo DFS, OS, DSS 0.1 (ROC curve) 35

Lieng et al.
(2016) [44] 72 60, (24–89) Tongue 55 mo, (2.1–177) DFS, OS 0.143 (log-rank

test) 19

Moratin et al.
(2020) [58] 430 63.9, (18–92)

Tongue, buccal mucosa,
floor of mouth, alveolar

process, maxilla,
soft palate

NR OS, PFS 0.08 (ROC curve) NR

Ong et al.
(2016) [18] 99 62, (23–94) Tongue 48.5 mo, (2–156) OS, DSS 0.06 (previous

literature) 33

Patel et al.
(2013) [15] 4254 52.63, (14–99) NR 41 mo, (2–322),

OS, DSS, DFS,
LRFS, LRDFS,

DMFS
0.07 (ROC curve) 39

Rempel et al.
(2018) [59] 171 56.6, (24–81)

Floor of mouth, tongue,
mandibula/alveolar

process, maxilla/ hard
palate, soft palate,

buccal mucosa

80.5 mo OS 0.07 (previous
literature) 22

Safi et al.
(2017) [60] 499 62.51, (28–98) Floor of mouth, tongue,

lower jaw, palate, cheek 35 mo, (3–117) LRR 0.07 (ROC curve) 20
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Table 1. Cont.

Study Number of
Patients

Age, Mean
(Range) Oral Cancer Subsite

Median
Follow-Up,

(Range)
Endpoints

LNR Cut-Off
and Method of
Determination

Median Nodes
Removed

(Lymph Node
Yield, LNY)

Shrime et al.
(2009) [61] 143 58.7, (14.8–89.4)

Tongue, upper and
lower gingiva, floor of

mouth, hard palate,
buccal mucosa,

retromolar trigone

32.4 mo,
(1.2–140.4) OS

0.06 (maximally
selected rank

statistic)
36

Son et al.
(2017) [40] 157 54, (24–87)

Tongue, floor of mouth,
buccal mucosa, gingiva,

lip, hard palate,
retromolar trigone

46 mo, (14–74) RFS, DSS, OS 0.05 (ROC curve) NR

Spoerl et al.
(2020) [16] 717 60.8, (28–91)

Buccal mucosa, upper
alveolus and gingiva,
lower alveolus and

gingiva, hard palate,
tongue, floor of mouth

89 mo OS, RFS 0.055 (median) 38

Subramaniam
et al. (2019) [62] 643 55.1, (18–82)

Tongue, floor of mouth,
buccal cavity,

alveolus/retromolar
trigone

2.9 years,
(0.5–11) DFS, OS 0.1 (previous

literature) 23

Suzuki et al.
(2016) [41] 35 NR

Tongue, upper gum,
lower gum, floor of

mouth, cheek mucosa,
hard palate

20.9 mo OS, DMFS, Lung
MFS

0.07 (previous
literature) NR

Urban et al.
(2013) [17] 3091 60, (14–99) Tongue, floor of mouth,

gum and other 21 mo OS, CSS 0.065 (previous
literature) 27

Weckx et al.
(2019) [63] 159 62

Floor of mouth, tongue,
lower jaw, upper jaw
and hard palate, soft

palate, cheek

43 mo, (3–408) OS 0.07 (NR) NR

Xu et al.
(2017) [64] 2036 59

Tongue, lower gingiva,
buccal mucosa, floor of
mouth, upper gingiva,

hard palate

65 mo, (1–178) DFS, DSS 0.06 (previous
literature) 23.5

Yamagata et al.
(2019) [65] 95 65.5, (35–88)

Tongue, lower gingiva,
floor of mouth, buccal
mucosa, hard palate,

upper gingiva

65.5, (35–88) OS 0.04 (ROC curve) 33

Zhao et al.
(2020) [66] 248 55.4, (26–75)

Tongue, gingiva, buccal
mucosa, palate, floor of

mouth, retromolar
trigone

55.4, (26–75) OS, DFS, DSS,
LRFS, DMFS

0.076 (ROC
curve) 32.02

3.3. Meta-Analysis

Overall, 32 studies were eligible for this meta-analysis, and 20,994 patients were
included. Results are shown in Table 2. Studies were stratified into two groups depend-
ing on whether they included only patients with positive lymph nodes (group YES) or
both patients with positive or negative lymph nodes (group NO). Some studies belonged
to both group YES and group NO, as they provided analyses for both cases. In nine
studies [14,18,48,49,52,53,57,62,63], the results of the multivariate analysis compared high
versus low LNR patients by using LNR = 0 as the reference group in their analysis. In
order to surpass this challenge, we had to calculate crude effect estimates so that the two
comparison groups could remain the same (high vs. low LNR patients).

3.3.1. Studies Analyzing Exclusively Patients with Positive Lymph Nodes (Group YES)

Twenty cohort studies of the group YES were included in our meta-analysis with a
total number of 15,281 patients [14–18,40–42,44–49,54,55,57,61,62,66]. Overall survival (OS)
was the primary endpoint in all studies. Patients with high LNR values had 68% higher
probability of death (Figure 2) than patients with low LNR (pooled RR = 1.68, 95% CI:
1.47–1.91) with significant heterogeneity (I2 = 76.2%, p < 0.001). For DFS, 10 studies were
included (Figure 3) and patients with high LNR had a 68% increased risk for worse DFS
(pooled RR = 1.68, 95% CI: 1.42–1.99) with significant heterogeneity as well (I2 = 63.5%,
p = 0.003). Regarding DSS, data from 11 studies showed that patients with high LNR have
a 94% increased risk (Figure 4) compared with patients with low LNR (pooled RR = 1.94,
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95% CI: 1.56–2.42, I2 = 85.9%, p < 0.001). Similarly, for LRDFS, data from four studies
demonstrated that patients with high LNR have a 55% increased probability of locoregional
disease recurrence (Figure 5) than patients with low LNR (pooled RR = 1.55, 95% CI:
1.10–2.20, I2 = 60%, p = 0.058). For DMFS, data from four studies showed that patients
with high LNR had an 83% increased risk of distant metastasis (Figure 6) compared with
patients with low LNR (pooled RR = 1.83, 95% CI: 1.13–2.96, I2 = 77.4%, p = 0.004). In
addition, combination of data from three studies showed a 73% increased risk for local
recurrence (pooled RR = 1.73, 95% CI: 1.41–2.13, I2 = 6.1%, p = 0.345, Figure 7). Regarding
RFS, analysis of two studies did not show any significant association (pooled RR = 2.27,
95% CI: 0.91–5.62, I2 = 80.4%, p= 0.024, Supplementary Figure S1).

Table 2. Correlations between lymph node ratio (LNR) and survival outcomes; subgroup analyses by
LNR cut-off values are presented. Significant associations are noted in bold.

Survival Endpoints Studies Analyzing Exclusively Patients with
Positive Lymph Nodes (Group YES)

Studies Analyzing Patients with Positive and
Negative Lymph Nodes (Group NO)

n § RR (95% CI) Heterogeneity I2, p n § RR (95% CI) Heterogeneity I2, p

Overall survival (OS) 20 1.68 (1.47–1.91) 76.2%, <0.001 18 2.38 (1.99–2.85) 82.6%, <0.001
Disease-free

survival (DFS) 10 1.68 (1.42–1.99) 63.5%, 0.003 7 2.04 (1.48–2.81) 93.2%, <0.001

Disease-specific
survival (DSS) 11 1.94 (1.56–2.42) 85.9%, <0.001 8 2.90 (2.35–3.57) 61.2%, 0.012

Recurrence-free
survival (RFS) 2 2.27 (0.91–5.62) 80.4%, 0.024 1 Only 1 study NC

Locoregional
disease-free

survival (LRDFS)
4 1.55 (1.10–2.20) 60%, 0.058 3 1.88 (0.83–4.25) 72.4%, 0.027

Distant metastasis-free
survival (DMFS) 4 1.83 (1.13–2.96) 77.4%, 0.004 3 2.11 (0.97–4.63) 94%, <0.001

Local recurrence-free
survival (LRFS) 3 1.73 (1.41–2.13) 6.1%, 0.345 1 Only 1 study NC

§ number of studies; RR: relative risk.

3.3.2. Studies Analyzing Patients with Positive and Negative Lymph Nodes (Group NO)

Overall, 20 studies were eligible for meta-analysis in the group NO with a total
of 11,701 patients [14,18,40,43,48,49,51–53,56–60,62–67]. Eighteen studies were included
in the statistical analysis for OS. Patients with high LNR values had a 138% increased
probability of death (Figure 8) compared to patients with low LNR values (pooled RR = 2.38;
95% CI: 1.99–2.85). Considerable heterogeneity existed among the studies for OS (I2 = 82.6%,
p < 0.001). Pooling of seven studies also exhibited a burdening effect of higher LNR values
on DFS (pooled RR = 2.04; 95% CI: 1.48–2.81, I2: 93.2%, p < 0.001, Figure 9). Pooled
analysis of eight studies on DSS indicated a pooled relative risk of 2.90 (95% CI: 2.35–3.57,
I2: 61.2%, p = 0.012, Figure 10). Regarding LRDFS and DMFS, combination of three study
arms for each outcome resulted in a relative risk greater than 1 (pooled RR = 1.88 and
pooled RR = 2.11, respectively) but without statistically significant associations (95% CI:
0.83–4.25 for LRDFS and 95% CI: 0.97–4.63 for DMFS, Supplementary Figures S2 and S3).



Cancers 2022, 14, 4456 9 of 24

Figure 2. Forest plot describing the associations between lymph node ratio (LNR) and overall
survival (OS) in group YES. Apart from the overall analysis, the subanalyses by LNR cut-off values
are presented.
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Figure 3. Forest plot demonstrating the associations between lymph node ratio (LNR) and disease-
free survival (DFS) in group YES. Apart from the overall analysis, the subanalyses by LNR cut-off
values are presented.

3.4. Meta-Regression Analysis

Supplementary Table S6 presents the results of the meta-regression analysis.
In group YES, the floor of mouth and tongue cancer modified the correlation between

LNR and OS. Cancer on the floor of the mouth was found to slightly modify the associa-
tion between OS and LNR (exponentiated coefficient: 0.89, 95% CI: 0.79–0.99, p = 0.033);
more specifically, high LNR patients and carcinomas located on the floor of the mouth
experienced better prognosis compared to other oral cancer patients with high LNR values
as well. On the contrary, cancer of the tongue had the opposite effect on the association
between OS and LNR (exponentiated coefficient: 1.11, 95% CI: 1.04–1.19, p = 0.004); pa-
tients with high LNR and cancer of the tongue have less favorable survival. The bubble
plot for tongue cancer is presented in Supplementary Figure S4, and the bubble plot for
cancer on the floor of the mouth is presented in Supplementary Figure S5. In group NO,
higher percentage of tumors located in the tongue was the only variable that could modify
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the correlation between LNR and OS of patients (exponentiated coefficient: 1.08; 95% CI:
1.01–1.16, p = 0.032). The bubble plot (Supplementary Figure S6) shows that the effect of
high LNR values was more pronounced in terms of OS in studies with increased number
of patients with tongue tumors.

Figure 4. Forest plot demonstrating the associations between lymph node ratio (LNR) and disease-
specific survival (DSS) in group YES. Apart from the overall analysis, the subanalyses by LNR cut-off
values are presented.
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Figure 5. Forest plot demonstrating the associations between lymph node ratio (LNR) and locore-
gional disease-free survival (LRDFS) in group YES. Apart from the overall analysis, the subanalyses
by LNR cut-off values are presented.

3.5. Evaluation of Quality of Studies and Risk of Bias

Within-study risk of bias assessment for all 32 studies included in the systematic
review with the Newcastle–Ottawa Scale is presented in detail in Supplementary Table S7.
Twenty-four studies were found to be of high quality, while the remaining belonged in the
“intermediate” range. All studies have excellent scores in the selection process, and follow-
up was adequate (≥90% response rate) in the majority of studies. In terms of comparability,
pN-classification was considered the most significant confounding factor. Only six studies
were adjusted on pN-classification, and generally, the overall quality was compromised in
the “comparability” section.
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Figure 6. Forest plot demonstrating associations between lymph node ratio (LNR) and distant
metastasis-free survival (DMFS) in group YES. Apart from the overall analysis, the subanalyses by
LNR cut-off values are presented.

In the group YES, significant publication bias was detected via Egger’s test in the
analysis of OS (p = 0.001) and DSS (p = 0.003). These results are reflected as asymmetry
in the respective funnel plots (Supplementary Figures S7 and S8). On the contrary, no
significant publication bias was detected via Egger’s test in the analysis of DFS (p = 0.076),
and the funnel plot of DFS showed no significant asymmetry (Supplementary Figure S9).
Regarding publication bias in group NO, no significant publication bias was detected via
Egger’s test in the analysis on OS (p = 0.572); the result was reflected in the respective
funnel plot, as no obvious asymmetry was identified (Supplementary Figure S10).
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Figure 7. Forest plot showing the associations between lymph node ratio (LNR) and local recurrence-
free survival (LRFS) in group YES. Apart from the overall analysis, the subanalyses by LNR cut-off
values are presented.

3.6. LNR as an Independent Prognostic Factor
3.6.1. LNR as an Independent Prognostic Factor in Group YES

In group YES, the pooled estimate was calculated separately for studies with multivari-
ate (pooled RR = 1.90, 95% CI: 1.64–2.21) and univariate (pooled RR = 1.68, 95% CI: 1.47–1.91)
analyses, and both results were statistically significant for OS (Supplementary Figure S11).
For DFS, the pooled RRs were 2.07 (95% CI: 1.77–2.42) and 1.68 (95% CI: 1.42–1.99), re-
spectively (Supplementary Figure S12). For DSS, the results from the meta-analysis were
statistically significant for multivariate (pooled RR = 2.21, 95% CI: 1.75–2.80) and univariate
analysis (pooled RR = 1.94, 95% CI: 1.56–2.42) (Supplementary Figure S13). The results for
DMFS, LRDFS, LRFS, and RFS are presented in Supplementary Figures S14–S17.
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Figure 8. Forest plot showing associations between lymph node ratio (LNR) and overall survival (OS)
in group NO. Apart from the overall analysis, the subanalyses by LNR cut-off values are presented.

3.6.2. LNR as an Independent Prognostic Factor in Group NO

In group NO (Supplementary Figures S18–S22), when adjusting for potential con-
founders, patients with high LNR values had a twofold or more risk of worse prognosis,
(pooled RR for OS = 2.82; 95% CI: 2.36–3.37, pooled RR for DFS = 2.58; 95% CI: 1.44–4.64,
pooled RR for DSS = 3.23; 95% CI: 2.25–4.64, pooled RR for LRDFS = 2.92; 95% CI: 1.41–6.03).
Regarding studies that did not adjust for potential confounding factors, the results from
the analysis were the following: pooled RR for OS = 2.06, 95% CI: 1.59–2.67, pooled RR
for DFS = 1.74, 95% CI: 1.22–2.48, pooled RR for DSS = 2.72, 95% CI: 2.40–3.08. Results
regarding univariate analysis in LRDFS and DMFS lacked statistical significance (pooled
RR for LRDFS = 1.12; 95% CI: 0.97–1.29, pooled RR for DMFS = 2.11; 95% CI: 0.97–4.63).
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Figure 9. Forest plot describing the association between lymph node ratio (LNR) and disease-free
survival (DFS) in group NO. Apart from the overall analysis, the subanalyses by LNR cut-off values
are presented.
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Figure 10. Forest plot demonstrating associations between lymph node ratio (LNR) and disease-
specific survival (DSS) in group NO. Apart from the overall analysis, the subanalyses by LNR cut-off
values are presented.

4. Discussion

The present systematic review and meta-analysis of 32 studies assessed the relationship
between LNR and survival outcomes in patients with oral squamous cell carcinoma who
had undergone neck dissection. Importantly, we show that high LNR is significantly
correlated with a worse prognosis.

Our results are in accordance with a recent meta-analysis by Huang et al. (2019) [67],
which included 19 studies. Huang et al. showed that LNR is a prognostic factor in oral
cancer patients for OS, DFS, and DSS. Our study provides a more thorough insight into
this reported relationship between LNR and survival; we studied a larger compendium
of endpoints (OS, DFS, DSS, DMFS, LRDFS, LRFS, and RFS), and we pooled data from a
total of 32 studies. We also performed subgroup and meta-regression analyses to explore
potential effect modifiers and address the arising issue of heterogeneity between studies. In
addition, we evaluated LNR as an independent prognostic factor by performing subgroup
analyses for studies with multivariate as opposed to univariate analysis.
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During the past few years, many studies have demonstrated the value of LNR as
a better prognostic factor compared to N status proposed by the 8th edition of AJCC
guidelines for TNM status for oral cancer patients [68]. This could be explained by the
fact that LNR reflects not only the N status but also the extent of the disease. A possible
challenge could relate to cases where the primary lesion crosses the midline, and bilateral
neck dissection is necessary. Another possible challenge could relate to the N3 status
during pathological examination of the surgical specimens, where the presence of a large
positive solitary node >6 cm could not be easily differentiated from the coalescence of
multiple lymph nodes, and because of that rationale, some studies excluded N3 node status
from their analysis [18,42,54]. The aforementioned challenges make the use of LNR as a
prognostic factor difficult in those cases, as it is a fraction, and it depends on the alterations
that its numerator, the positive lymph nodes excised, and its denominator, the lymph node
yield, incur. Subsequently, LNR having the LNY as its denominator should not lead the
surgeon to perform more extended neck dissections, if not necessary, in order to increase
the LNY and decrease the total fraction of the LNR. Kim et al. (2011) reported that in
N+ patients, limited neck dissections did not affect the prognostic ability of LNR [54].
Therefore, care must be taken to the adequacy of the neck dissection performed and to the
meticulous examination of the specimen rather than the extension of the neck dissection to
a higher number of levels [69].

The total number of lymph nodes retrieved from neck dissection surgery (LNY) de-
pends on the type, as well as the quality of the neck dissection per se. A retrospective
study from Ebrahimi et al. (2011) [70], analyzing 225 patients with oral cancer who had
undergone a supraomohyoid elective neck dissection (SOHND), showed that an LNY
of more than 18 was linked to a more favorable prognosis. This finding proposed by
Ebrahimi et al. (2011) was further validated from two prospective NRG Oncology trials
(Radiation Therapy Oncology Group RTOG 9501 and RTOG 0234), reporting an improve-
ment in overall survival and a decrease in loco-regional failure when 18 was used as a
threshold in LNY [71]. Naturally, LNY is higher in cases of modified radical or radical
dissections, where frequently, the desirable LNY is greater than 30 [72]. However, selective
neck dissection (SND) does not apply to all oral cancer subsites. For instance, in tongue
or floor of mouth cancers, more radical procedures are the preferred approach, as these
tumors are associated with skip lymph node metastases, with the previous node level free
of metastatic disease. Therefore, in tongue and floor of mouth cancers, modified radical
dissection still remains the standard of care for an LN-positive (LN+) neck [73]. Another
new technique used in N0 patients is sentinel lymph node biopsy (SLNB), aiming to mini-
mize the use of more radical procedures, where unnecessary, and their impact on patients’
morbidity and economic burden [74].

To further explore the heterogeneity of results, we performed a meta-regression on
variables that are considered potential modifiers of the association between LNR and
overall survival. The only three potential confounding factors that slightly modified the
relationship between LNR and survival were the floor of the mouth as the primary site in
group YES and the tongue as the primary site in both groups, as shown in the results of the
meta-regression analysis. This finding can be explained by the fact that patients with floor-
of-mouth cancer are typically more likely to develop cervical lymph node metastases [36],
and therefore, LNR might not be the most ideal prognostic factor for these patients, as they
may be categorized as high LNR patients early at their course of the disease. Patients with
anterior tongue tumors are diagnosed with occult neck metastases in 50–60% of cases, even
in early T1/T2 stages, and occult neck metastases can increase the risk of dying from cancer
by five times [75]. Disease progression might be quicker in tongue cancer compared to
other sites due to the complexity of the tongue’s lymphatic and vascular network [76].

The present systematic review and meta-analysis has several limitations. First, all
eligible studies were observational studies, and only three of them were prospectively
designed. In addition, many studies did not report patient and disease characteristics,
such as personal history, comorbidities, post-operative therapy administered, lymph node
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yield, and other pathological features. Another important limitation is heterogeneity in
reporting pathological outcomes across the studies; for instance, surgical specimens were
assessed by general pathologists or technicians in the majority of the studies, except for the
study by Agarwal et al. (2019) [46], where pathologists trained in head and neck cancer
evaluated the nodal biopsies. Marres et al. (2014) retrospectively studied all the neck
dissection specimens in their institution between 2002 and 2012. Before 2007 the specimens
were examined by pathologists, and after 2007 by pathology technicians. Their study
showed that after 2007 the mean LNY increased from 24 to 32, and alongside the mean
LNR decreased from 11.4% to 8.7% [77]. This finding makes apparent the fact that the
implementation of a standardized protocol for harvesting and examining ND specimens is
necessary. To address this problem, the American Association of Pathologists proposed
a detailed form of reporting for head and neck cancer in order to minimize the potential
reporting biases and lack of reporting on important cancer features such as positive margins
of resection and extranodal extension [78].

There are some limitations in the general applicability of LNR as a prognostic factor in
patients with OSCC. Firstly, it is dependent on the extent of the neck dissection performed,
as when more radical procedures are performed, the lymph node yield increases. Another
difficulty arising in the implementation of LNR is the variability of cut-off points used in the
literature. In the studies included in our meta-analysis, LNR cut-offs ranged from 0.012 to
0.2, with a mean LNR cut-off point of 0.068. Patel et al. (2013) [15] retrieved data from
the ICOR database and included the largest pool of patients, with a total of 4254 patients.
Using the ROC curve, they identified 0.07 as a validated cut-off, and it was used as a point
of reference in some studies [41,45,59]. Other cut-off points that were frequently used in
the eligible studies were 0.06 [18,51,52,54,61,64] and 0.05 [40,42,48,55]. Hence, the cut-off
points that seem to have a greater consensus in the literature vary between 0.05 and 0.07,
although a universal LNR cut-off point remains to be identified.

Despite the limitations, our study has a number of strengths. Literature was meticu-
lously searched, and every effort possible was made to explore and reduce heterogeneity.
Additionally, our subanalyses adjusted for co-variates highlighted LNR as an independent
prognostic factor. More prospective studies with clearly defined endpoints and clinical
trials with large sample sizes will help further validate these findings, establish a universal
cut-off for each surgical procedure, and might incorporate LNR in future classification
systems as an important prognostic factor for patients with oral cancer.

5. Conclusions

In conclusion, our systematic review and meta-analysis showed that LNR is an inde-
pendent prognostic factor for OS for patients with oral cancer who had undergone neck
dissection independently of LN status. Patients with high LNR are linked with significantly
worse survival outcomes compared with patients with low LNR values for almost all
studied survival endpoints, although tongue and FOM carcinomas have a slight tendency
to modify the relationship between LNR and survival. We can safely come to the conclu-
sion that LNR is a reliable prognostic factor combining various information, such as N
status, the extent of the disease, and the radicality or not of the neck dissection performed,
and therefore, LNR could possibly contribute to better risk stratification of oral cancer
patients, adding valuable information in the existing classification system. We believe
that more prospective, well-designed studies are needed to validate the significance and
reproducibility of LNR as a prognostic factor.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers14184456/s1, Table S1. The Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) Checklist [79], Table S2. Study protocol,
Table S3. Excluded studies, with reasons, Table S4. Characteristics of the eligible studies, Table S5.
Characteristics of the eligible studies, Table S6. Meta-regression analysis examining the role of
potential modifiers in the association between lymph node ratio (LNR) and survival outcomes,
Table S7. Evaluation of within-study risk of bias with the Newcastle–Ottawa Scale, Figure S1. Forest
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plot describing the association between lymph node ratio (LNR) and recurrence-free survival in
group YES. Apart from the overall analysis, the subanalyses by LNR cut-off values are presented,
Figure S2. Forest plot describing the association between lymph node ratio (LNR) and locoregional
disease-free survival in group NO. Apart from the overall analysis, the subanalyses by LNR cut-
off values are presented, Figure S3. Forest plot describing the association between lymph node
ratio (LNR) and distant metastasis-free survival in group NO. Apart from the overall analysis, the
subanalyses by LNR cut-off values are presented, Figure S4. Plot depicting the modifying effect
mediated by percentage of tumors affecting the tongue upon the association between high lymph
node ratio (LNR) values and overall survival in group YES. The circle sizes represent the inverse of
each within-study variance, Figure S5. Plot depicting the modifying effect mediated by percentage
of tumors affecting the floor of mouth upon the association between high lymph node ratio (LNR)
values and overall survival in group YES. The circle sizes represent the inverse of each within-study
variance, Figure S6. Plot depicting the modifying effect mediated by percentage of tumors affecting
the tongue upon the association between high lymph node ratio (LNR) values and overall survival in
group NO. The circle sizes represent the inverse of each within-study variance, Figure S7. Funnel
plot of the meta-analysis on overall survival in group YES showing evidence of publication bias as
considerable asymmetry, Figure S8. Funnel plot of the meta-analysis on disease-specific survival in
group YES showing evidence of publication bias as considerable asymmetry, Figure S9. Funnel plot of
the meta-analysis on disease-free survival in group YES without obvious asymmetry, i.e., no evidence
of publication bias, Figure S10. Funnel plot of the meta-analysis on overall survival in group NO
without obvious asymmetry, i.e., no evidence of publication bias, Figure S11. Forest plot describing
the association between lymph node ratio (LNR) and overall survival in group YES. Apart from
the overall analysis, the subanalyses on degree of adjustment are presented, Figure S12. Forest plot
describing the association between lymph node ratio (LNR) and disease-free survival in group YES.
Apart from the overall analysis, the subanalyses on degree of adjustment are presented, Figure S13.
Forest plot describing the association between lymph node ratio (LNR) and disease-specific survival
in group YES. Apart from the overall analysis, the subanalyses on degree of adjustment are presented,
Figure S14. Forest plot describing the association between lymph node ratio (LNR) and distant
metastasis-free survival in group YES. Apart from the overall analysis, the subanalyses on degree of
adjustment are presented, Figure S15. Forest plot describing the association between lymph node
ratio (LNR) and locoregional disease-free survival in group YES. Apart from the overall analysis, the
subanalyses on degree of adjustment are presented, Figure S16. Forest plot describing the association
between lymph node ratio (LNR) and local recurrence-free survival in group YES. Apart from the
overall analysis, the subanalyses on degree of adjustment are presented, Figure S17. Forest plot
describing the association between lymph node ratio (LNR) and recurrence-free survival in group YES.
Apart from the overall analysis, the subanalyses on degree of adjustment are presented, Figure S18.
Forest plot describing the association between lymph node ratio (LNR) and overall survival in
group NO. Apart from the overall analysis, the subanalyses on degree of adjustment are presented,
Figure S19. Forest plot describing the association between lymph node ratio (LNR) and disease-free
survival in group NO. Apart from the overall analysis, the subanalyses on degree of adjustment are
presented, Figure S20. Forest plot describing the association between lymph node ratio (LNR) and
disease-specific survival in group NO. Apart from the overall analysis, the subanalyses on degree of
adjustment are presented, Figure S21. Forest plot describing the association between lymph node
ratio (LNR) and locoregional disease-free survival in group NO. Apart from the overall analysis, the
subanalyses on degree of adjustment are presented, Figure S22. Forest plot describing the association
between lymph node ratio (LNR) and distant metastasis-free survival in group NO. Apart from the
overall analysis, the subanalyses on degree of adjustment are presented.

Author Contributions: The authors’ contributions according to CRediT taxonomy were: Conceptual-
ization, A.P., Z.G. and S.D.; methodology, Z.G., T.N.S. and A.K.; software, T.N.S. and T.P.; validation,
Z.G.,A.K., S.D. and A.P.; formal analysis, T.N.S. and T.P.; investigation, Z.G., A.K. and S.D.; resources,
Z.G.; A.K. and I.K.; data curation, Z.G.; A.K. and I.K.; writing—original draft preparation, Z.G., A.K.,
P.E. and I.K.; writing—review and editing, T.N.S., S.D., P.E. and T.P.; supervision, A.P. and T.N.S. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.



Cancers 2022, 14, 4456 21 of 24

References
1. Jemal, A.; Bray, F.; Center, M.M.; Ferlay, J.; Ward, E.; Forman, D. Global Cancer Statistics. CA Cancer J. Clin. 2011, 61, 69–90.

[CrossRef] [PubMed]
2. Blot, W.J.; McLaughlin, J.K.; Winn, D.M.; Austin, D.F.; Greenberg, R.S.; Preston-Martin, S.; Bernstein, L.; Schoenberg, J.B.;

Stemhagen, A.; Fraumeni, J.F. Smoking and Drinking in Relation to Oral and Pharyngeal Cancer. Cancer Res. 1988, 48, 3282–3287.
3. Dhanuthai, K.; Rojanawatsirivej, S.; Thosaporn, W.; Kintarak, S.; Subarnbhesaj, A.; Darling, M.; Kryshtalskyj, E.; Chiang, C.-P.;

Shin, H.-I.; Choi, S.-Y.; et al. Oral Cancer: A Multicenter Study. Med. Oral Patol. Oral Cir. Bucal 2018, 23, e23–e29. [CrossRef]
[PubMed]

4. Tankéré, F.; Camproux, A.; Barry, B.; Guedon, C.; Depondt, J.; Gehanno, P. Prognostic Value of Lymph Node Involvement in Oral
Cancers: A Study of 137 Cases. Laryngoscope 2000, 110, 2061–2065. [CrossRef] [PubMed]

5. Liao, C.-T.; Hsueh, C.; Lee, L.-Y.; Lin, C.-Y.; Fan, K.-H.; Wang, H.-M.; Huang, S.-F.; Chen, I.-H.; Kang, C.-J.; Ng, S.-H.; et al.
Neck Dissection Field and Lymph Node Density Predict Prognosis in Patients with Oral Cavity Cancer and Pathological Node
Metastases Treated with Adjuvant Therapy. Oral Oncol. 2012, 48, 329–336. [CrossRef] [PubMed]

6. Almangush, A.; Mäkitie, A.A.; Triantafyllou, A.; de Bree, R.; Strojan, P.; Rinaldo, A.; Hernandez-Prera, J.C.; Suárez, C.;
Kowalski, L.P.; Ferlito, A.; et al. Staging and Grading of Oral Squamous Cell Carcinoma: An Update. Oral Oncol. 2020,
107, 104799. [CrossRef]

7. Lee, N.C.J.; Eskander, A.; Park, H.S.; Mehra, S.; Burtness, B.A.; Husain, Z. Pathologic Staging Changes in Oral Cavity Squamous
Cell Carcinoma: Stage Migration and Implications for Adjuvant Treatment. Cancer 2019, 125, 2975–2983. [CrossRef]

8. Huang, S.H.; O’Sullivan, B. Overview of the 8th Edition TNM Classification for Head and Neck Cancer. Curr. Treat. Options Oncol.
2017, 18, 40. [CrossRef]

9. Bullock, M.J. Current Challenges in the Staging of Oral Cancer. Head Neck Pathol. 2019, 13, 440–448. [CrossRef]
10. Kim, K.-Y.; Zhang, X.; Kim, S.-M.; Lee, B.-D.; Cha, I.-H. A Combined Prognostic Factor for Improved Risk Stratification of Patients

with Oral Cancer. Oral Dis. 2017, 23, 91–96. [CrossRef]
11. Akagi, Y.; Adachi, Y.; Kinugasa, T.; Oka, Y.; Mizobe, T.; Shirouzu, K. Lymph Node Evaluation and Survival in Colorectal Cancer:

Review of Population-Based, Prospective Studies. Anticancer Res. 2013, 33, 2839–2847. [PubMed]
12. Liu, D.; Chen, Y.; Deng, M.; Xie, G.; Wang, J.; Zhang, L.; Liu, Q.; Yuan, P.; Feng, X. Lymph Node Ratio and Breast Cancer Prognosis:

A Meta-Analysis. Breast Cancer Tokyo Jpn. 2014, 21, 1–9. [CrossRef] [PubMed]
13. Teng, J.; Abdygametova, A.; Du, J.; Ma, B.; Zhou, R.; Shyr, Y.; Ye, F. Bayesian Inference of Lymph Node Ratio Estimation and

Survival Prognosis for Breast Cancer Patients. IEEE J. Biomed. Health Inform. 2020, 24, 354–364. [CrossRef] [PubMed]
14. Lee, C.-C.; Su, Y.-C.; Hung, S.-K.; Chen, P.-C.; Huang, C.-I.; Huang, W.-L.; Lin, Y.-W.; Yang, C.-C. Recommendation for

Incorporation of a Different Lymph Node Scoring System in Future AJCC N Category for Oral Cancer. Sci. Rep. 2017, 7, 14117.
[CrossRef]

15. Patel, S.G.; Amit, M.; Yen, T.C.; Liao, C.T.; Chaturvedi, P.; Agarwal, J.P.; Kowalski, L.P.; Ebrahimi, A.; Clark, J.R.; Cernea, C.R.; et al.
Lymph Node Density in Oral Cavity Cancer: Results of the International Consortium for Outcomes Research. Br. J. Cancer 2013,
109, 2087–2095. [CrossRef]

16. Spoerl, S.; Gerken, M.; Mamilos, A.; Fischer, R.; Wolf, S.; Nieberle, F.; Klingelhöffer, C.; Meier, J.K.; Spoerl, S.; Ettl, T.; et al. Lymph
Node Ratio as a Predictor for Outcome in Oral Squamous Cell Carcinoma: A Multicenter Population-Based Cohort Study. Clin.
Oral Investig. 2021, 25, 1705–1713. [CrossRef]

17. Urban, D.; Gluck, I.; Pfeffer, M.R.; Symon, Z.; Lawrence, Y.R. Lymph Node Ratio Predicts the Benefit of Post-Operative
Radiotherapy in Oral Cavity Cancer. Radiother. Oncol. 2013, 106, 74–79. [CrossRef]

18. Ong, W.; Zhao, R.; Lui, B.; Tan, W.; Ebrahimi, A.; Clark, J.R.; Soo, K.-C.; Tan, N.-C.; Tan, H.-K.; Iyer, N.G. Prognostic Significance
of Lymph Node Density in Squamous Cell Carcinoma of the Tongue. Head Neck 2016, 38 (Suppl. 1), E859–E866. [CrossRef]

19. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The
PRISMA Statement. BMJ 2009, 339, b2535. [CrossRef]

20. Cochrane Handbook for Systematic Reviews of Interventions. Available online: https://training.cochrane.org/handbook/current
(accessed on 7 March 2022).

21. Wells, G.; Wells, G.; Shea, B.; Shea, B.; O’Connell, D.; Peterson, J.; Welch, V.; Losos, M.; Tugwell, P.; Ga, S.W.; et al. The
Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Nonrandomised Studies in Meta-Analyses. 2014. Available
online: https://www.semanticscholar.org/paper/The-Newcastle-Ottawa-Scale-(NOS)-for-Assessing-the-Wells-Wells/c293
fb316b6176154c3fdbb8340a107d9c8c82bf#paper-header (accessed on 7 April 2022).

22. Adel, M.; Tsao, C.-K.; Wei, F.-C.; Chien, H.-T.; Lai, C.-H.; Liao, C.-T.; Wang, H.-M.; Fan, K.-H.; Kang, C.-J.; Chang, J.T.-C.; et al.
Preoperative SCC Antigen, CRP Serum Levels, and Lymph Node Density in Oral Squamous Cell Carcinoma. Medicine 2016,
95, e3149. [CrossRef]

23. Amar, A.; Rapoport, A.; Curioni, O.A.; Dedivitis, R.A.; Cernea, C.R.; Brandão, L.G. The Density of Metastatic Lymph Node as
Prognostic Factor in Squamous Cell Carcinoma of the Tongue and Floor of the Mouth. Braz. J. Otorhinolaryngol. 2012, 78, 86–90.
[CrossRef]

24. Chen, C.-C.; Lin, J.-C.; Chen, K.-W. Lymph Node Ratio as a Prognostic Factor in Head and Neck Cancer Patients. Radiat. Oncol.
2015, 10, 181. [CrossRef]

http://doi.org/10.3322/caac.20107
http://www.ncbi.nlm.nih.gov/pubmed/21296855
http://doi.org/10.4317/medoral.21999
http://www.ncbi.nlm.nih.gov/pubmed/29274153
http://doi.org/10.1097/00005537-200012000-00016
http://www.ncbi.nlm.nih.gov/pubmed/11129021
http://doi.org/10.1016/j.oraloncology.2011.10.017
http://www.ncbi.nlm.nih.gov/pubmed/22104249
http://doi.org/10.1016/j.oraloncology.2020.104799
http://doi.org/10.1002/cncr.32161
http://doi.org/10.1007/s11864-017-0484-y
http://doi.org/10.1007/s12105-019-01014-4
http://doi.org/10.1111/odi.12579
http://www.ncbi.nlm.nih.gov/pubmed/23780968
http://doi.org/10.1007/s12282-013-0497-8
http://www.ncbi.nlm.nih.gov/pubmed/24101545
http://doi.org/10.1109/JBHI.2019.2943401
http://www.ncbi.nlm.nih.gov/pubmed/31562112
http://doi.org/10.1038/s41598-017-06452-0
http://doi.org/10.1038/bjc.2013.570
http://doi.org/10.1007/s00784-020-03471-6
http://doi.org/10.1016/j.radonc.2012.09.022
http://doi.org/10.1002/hed.24113
http://doi.org/10.1136/bmj.b2535
https://training.cochrane.org/handbook/current
https://www.semanticscholar.org/paper/The-Newcastle-Ottawa-Scale-(NOS)-for-Assessing-the-Wells-Wells/c293fb316b6176154c3fdbb8340a107d9c8c82bf#paper-header
https://www.semanticscholar.org/paper/The-Newcastle-Ottawa-Scale-(NOS)-for-Assessing-the-Wells-Wells/c293fb316b6176154c3fdbb8340a107d9c8c82bf#paper-header
http://doi.org/10.1097/MD.0000000000003149
http://doi.org/10.1590/S1808-86942012000300015
http://doi.org/10.1186/s13014-015-0490-9


Cancers 2022, 14, 4456 22 of 24

25. Faisal, M.; Dhanani, R.; Ullah, S.; Bakar, M.A.; Irfan, N.; Malik, K.I.; Loya, A.; Boban, E.M.; Hussain, R.; Jamshed, A. Prognostic
Outcomes of Treatment Naïve Oral Tongue Squamous Cell Carcinoma (OTSCC): A Comprehensive Analysis of 14 Years. Eur.
Arch. Otorhinolaryngol. 2021, 278, 3045–3053. [CrossRef]

26. Feng, Z.; Xu, Q.S.; Wang, C.; Li, J.Z.; Mao, M.H.; Li, H.; Qin, L.Z.; Han, Z. Lymph Node Ratio Is Associated with Adverse
Clinicopathological Features and Is a Crucial Nodal Parameter for Oral and Oropharyngeal Cancer. Sci. Rep. 2017, 7, 6708.
[CrossRef]

27. Hingsammer, L.; Seier, T.; Ikenberg, J.; Schumann, P.; Zweifel, D.; Rücker, M.; Bredell, M.; Lanzer, M. The Influence of Lymph
Node Ratio on Survival and Disease Recurrence in Squamous Cell Carcinoma of the Tongue. Int. J. Oral Maxillofac. Surg. 2019, 48,
851–856. [CrossRef]
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